
 

 
hec50−3n

hec50−1a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1

   2

2,3 10
 ln (L*/L* u) CIELAB lightnessL*  normalized

to the background lightness L* uL*/L* u

0,693

ln [(L* /L* u)]=0, mu=1,00

L* u=50, Yu=18

L* = s (Y/Yn)n − t (Yn=100, s=116, n=(1/3), t=16) [1b]
L* = r (Y/Yu)n − t (Yu=18, r=s(Yu/Yn)n = XX,X1) [1c]

application
range

hec50−2a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log (∆Y/∆Yu) CIE tristimulus value difference
∆Y normalized to ∆Yu∆Y/∆Yu

−0,843

0,489

log[(dY)/(dYu)]]=0, mu=0,66
Yu=18, dYu=0,83, (dY/Yu)=0,045

L* = 116 (Y/Yn)1/3 − 16  (Yn=100, 1 ≤ Y ≤ 100) [1d]
dY = (3/116)·(Y/Yn)2/3 [2d]
dY = a·(Y/Yn)2/3 [3d]
dY = b·(Y/Yu)2/3 [4d]
a = 0,557 b = 3,826 [5d]

application
range

hec50−3a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log [(∆Y/Y) / (∆Y/Y)u] CIE  Y sensitivity
normalized to ∆Yu/YuSr /Sru=(∆Y/Y)/(∆Y/Y)u

0,421

−0,244
log[(dY/Y)u/(dY/Y)u]=0, mu=−0,33

Yu=18, dYu=0,83, (dY/Yu)=0,045

L* = 116 (Y/Yn)1/3 − 16  (Yn=100, 1 ≤ Y ≤ 100) [1f]
dY/Y = (3/116)·(Y/Yn)2/3 [2f]
dY/Y = c·Y−1/3 [3f]
dY/Y = d·(Y/Yu)−1/3 [4f]
c = 0,120 d = 0,824 [5f]

application
range

hec50−4a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log[(Y/∆Y) / (Y/∆Y)u)] CIE  Y-based contrast
normalized to Yu/∆YuCr /Cru=(Y/∆Y)/(Y/∆Y)u

−0,421

0,244
log[(Y/dY)u/(Y/dY)u]=0, mu=0,33
L* u=50, Yu=18, dYu=0,83, (Y/dYu)=22

L* = 116 (Y/Yn)1/3 − 16  (Yn=100, 1 ≤ Y ≤ 100) [1h]
Y/dY = (3/116)·Yn

1/3Y2/3 [2h]
Y/dY = e·(Y/Yu)2/3 [3h]
Y/dY = f ·(Y/Yu)2/3 [4h]
e = 833,048 f = 5721,613 [5h]

application
range

 

  

 
hec50−7n

hec50−5a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1

   2

2,3 10
 ln (L*/L* u) TUBsRGB lightnessL*  normalized

to the background lightness L* uL*/L* u

−1,309

0,693

ln [(L* /L* u)]=0, mu=1,00

L* u=50, Yu=20

L* = s (Y/Yn)n − t (Yn=100, s=100, n=(1/ln(10)), t=0) [1b]
L* = r (Y/Yu)n − t (Yu=18, r=s(Yu/Yn)n = 47,45) [1c]

L*/L* u=(Y/Yu)1/ln(10) (ln(x)=ln(10) log(x)) [1d]
log(L*/L* u)=(1/ln(10)) log(Y/Yu) [1e]
ln(L*/L* u)=log(Y/Yu) [1f]

L*/L* u= elog(Y/Yu) [1g]

application
range

hec50−6a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log (∆Y/∆Yu) CIE tristimulus value difference
∆Y normalized to ∆Yu∆Y/∆Yu

−0,739

0,391

log[(dY)/(dYu)]]=0, mu=0,56
Yu=20, dYu=0,93, (dY/Yu)=0,046

L* =100(Y/Yn)1/ln(10)  (Yn=100, Yu=18, 1≤ Y ≤100) [1d]
dY = (2,4Yn/100)·(Y/Yn)(ln(10)−1)/ln(10) [2d]
dYu = ln(10)·(Yu/Yn)(ln(10)−1)/ln(10) [3d]
dY/dYu = (Y/Yu)(ln(10)−1)/ln(10) [4d]
log(dY/dYu) = {(ln(10)−1)/ln(10)} log·(Y/Yu) [5d]

application
range

hec50−7a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log [(∆Y/Y) / (∆Y/Y)u] CIE  Y sensitivity
normalized to ∆Yu/YuSr /Sru=(∆Y/Y)/(∆Y/Y)u

0,568

−0,301
log[(dY/Y)u/(dY/Y)u]=0, mu=−0,43

Yu=20, dYu=0,93, (dY/Yu)=0,046

L* =100(Y/Yn)1/ln(10)  (Yn=100, Yu=18, 1≤ Y ≤100) [1f]
dY/Y = (2,3/100)·(Y/Yn)1,3/2,3 [2f]
dY/Y = c·Y−1/2,3 [3f]
dY/Y = d·(Y/Yu)−1/2,3 [4f]
c = 0,170 d = 0,872 [5f]

application
range

hec50−8a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log[(Y/∆Y) / (Y/∆Y)u)] CIE  Y-based contrast
normalized to Yu/∆YuCr /Cru=(Y/∆Y)/(Y/∆Y)u

−0,568

0,301
log[(Y/dY)u/(Y/dY)u]=0, mu=0,43
L* u=50, Yu=20, dYu=0,93, (Y/dYu)=22

L* =100(Y/Yn)1/ln(10)  (Yn=100, Yu=18, 1≤ Y ≤100) [1h]
Y/dY = (2,3/100)·Yn

1/2,3Y1,3/2,3 [2h]
Y/dY = e·(Y/Yu)1,3/2,3 [3h]
Y/dY = f ·(Y/Yu)1,3/2,3 [4h]
e = 587,093 f = 3007,521 [5h]

application
range

 

 

  

 
hec51−3n

hec51−1a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

L*/L* u CIELAB lightnessL*  normalized
to the background lightness L* uL*/L* u

0,179

2,000

(L* /L* u)=1, mu=1,03

L* u=50, Yu=18

L* = s (Y/Yn)n − t (Yn=100, s=116, n=(1/3), t=16) [1b]
L* = r (Y/Yu)n − t (Yu=18, r=s(Yu/Yn)n = XX,X1) [1c]

application
range

hec51−2a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

∆Y/∆Yu CIE tristimulus value difference
∆Y normalized to ∆Yu∆Y/∆Yu

0,143

3,089

[(dY)/(dYu)]=1, mu=1,59
Yu=18, dYu=0,83, (dY/Yu)=0,045

L* = 116 (Y/Yn)1/3 − 16  (Yn=100, 1 ≤ Y ≤ 100) [1d]
dY = (3/116)·(Y/Yn)2/3 [2d]
dY = a·(Y/Yn)2/3 [3d]
dY = b·(Y/Yu)2/3 [4d]
a = 0,557 b = 3,826 [5d]

application
range

hec51−3a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

(∆Y/Y) / (∆Y/Y)u CIE  Y sensitivity
normalized to ∆Yu/YuSr /Sru=(∆Y/Y)/(∆Y/Y)u

2,640

0,568
[(dY/Y)u/(dY/Y)u]=1, mu=−0,75

Yu=18, dYu=0,83, (dY/Yu)=0,045

L* = 116 (Y/Yn)1/3 − 16  (Yn=100, 1 ≤ Y ≤ 100) [1f]
dY/Y = (3/116)·(Y/Yn)2/3 [2f]
dY/Y = c·Y−1/3 [3f]
dY/Y = d·(Y/Yu)−1/3 [4f]
c = 0,120 d = 0,824 [5f]

application
range

hec51−4a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

(Y/∆Y) / (Y/∆Y)u CIE  Y-based contrast
normalized to Yu/∆YuCr /Cru=(Y/∆Y)/(Y/∆Y)u

0,378

1,757

[(Y/dY)u/(Y/dY)u]=1, mu=0,78
L* u=50, Yu=18, dYu=0,83, (Y/dYu)=22

L* = 116 (Y/Yn)1/3 − 16  (Yn=100, 1 ≤ Y ≤ 100) [1h]
Y/dY = (3/116)·Yn

1/3Y2/3 [2h]
Y/dY = e·(Y/Yu)2/3 [3h]
Y/dY = f ·(Y/Yu)2/3 [4h]
e = 833,048 f = 5721,613 [5h]

application
range

 

  

 
hec51−7n

hec51−5a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

L*/L* u TUBsRGB lightnessL*  normalized
to the background lightness L* uL*/L* u

0,270

2,000

(L* /L* u)=1, mu=1,02

L* u=50, Yu=20

L* = s (Y/Yn)n − t (Yn=100, s=100, n=(1/ln(10)), t=0) [1b]
L* = r (Y/Yu)n − t (Yu=18, r=s(Yu/Yn)n = 47,45) [1c]

L*/L* u=(Y/Yu)1/ln(10) (ln(x)=ln(10) log(x)) [1d]

application
range

hec51−6a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

∆Y/∆Yu CIE tristimulus value difference
∆Y normalized to ∆Yu∆Y/∆Yu

0,182

2,462

[(dY)/(dYu)]=1, mu=1,34
Yu=20, dYu=0,93, (dY/Yu)=0,046

L* =100(Y/Yn)1/ln(10)  (Yn=100, Yu=18, 1≤ Y ≤100) [1d]
dY = (2,4Yn/100)·(Y/Yn)(ln(10)−1)/ln(10) [2d]
dYu = ln(10)·(Yu/Yn)(ln(10)−1)/ln(10) [3d]
dY/dYu = (Y/Yu)(ln(10)−1)/ln(10) [4d]
log(dY/dYu) = {(ln(10)−1)/ln(10)} log·(Y/Yu) [5d]

application
range

hec51−7a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

(∆Y/Y) / (∆Y/Y)u CIE  Y sensitivity
normalized to ∆Yu/YuSr /Sru=(∆Y/Y)/(∆Y/Y)u

3,702

0,500
[(dY/Y)u/(dY/Y)u]=1, mu=−0,97

Yu=20, dYu=0,93, (dY/Yu)=0,046

L* =100(Y/Yn)1/ln(10)  (Yn=100, Yu=18, 1≤ Y ≤100) [1f]
dY/Y = (2,3/100)·(Y/Yn)1,3/2,3 [2f]
dY/Y = c·Y−1/2,3 [3f]
dY/Y = d·(Y/Yu)−1/2,3 [4f]
c = 0,170 d = 0,872 [5f]

application
range

hec51−8a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

(Y/∆Y) / (Y/∆Y)u CIE  Y-based contrast
normalized to Yu/∆YuCr /Cru=(Y/∆Y)/(Y/∆Y)u

0,270

1,999

[(Y/dY)u/(Y/dY)u]=1, mu=1,02
L* u=50, Yu=20, dYu=0,93, (Y/dYu)=22

L* =100(Y/Yn)1/ln(10)  (Yn=100, Yu=18, 1≤ Y ≤100) [1h]
Y/dY = (2,3/100)·Yn

1/2,3Y1,3/2,3 [2h]
Y/dY = e·(Y/Yu)1,3/2,3 [3h]
Y/dY = f ·(Y/Yu)1,3/2,3 [4h]
e = 587,093 f = 3007,521 [5h]

application
range

 

 

V

C

L

M

O

Y

Y

O

M

L

C

V

V C

L M

O Y

Y O

M L

C V

-8
-6

-8
-6

-8
-6

-8
-6

TUB-test chart hec5; CIELAB & TUBsRGB colour-difference, ISO/CIE 11664-4 & TUBsRGB 2025
log & lin[lightness L*, threshold ∆Y, sensitivity ∆Y / Y, contrast Y / ∆Y, normalized for U]

http://farbe.li.tu-berlin.de/hec5/hec5l0np.pdf /.ps; only vector graphic VG; start output
see separate images of this page: http://farbe.li.tu-berlin.de/hec5/hec5.htm
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